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| NTRODUCTI ON

The Nashville District Corps of Engi neers operates and

mai ntai ns 18 | ocks on the Tennessee and Cunberl and Ri vers.
These conplex, high-lift | ocks range in age from 10 to over
60 years old. As nechanical and electrical systens age,
systens and conponents can becone obsol ete and unreliable.

| f not addressed, |ikelihood of breakdown and resulting

del ays to navigation could increase.

To prevent such delays, the Nashville District has pursued
an aggressive, systematic program of nodernizing the
mechani cal and el ectrical systens at these locks. In this
regard, these nodernization efforts have enphasized
identifying and applying the | atest advances in industrial,
mechani cal, and el ectrical equi pnment and controls

technol ogy, not just replacing in kind.

In addition, the Nashville District has had only one | ock
operator per shift since the 1960's. As navigation traffic
has increased at nost projects and nore information
managenent has been required of the operator, Nashville has
strived to noderni ze and automate nechani cal and el ectrica
systens to nmake | ock operations nore efficient and safer and
prevent the workload fromrequiring nore than one operator
per shift.

Thi s paper details the evolution of mechanical systens and
el ectrical controls technology at two of the District's
navi gation | ocks, Barkley Lock on the Cunberland Ri ver near
Grand Rivers, Kentucky and Weel er Auxiliary Lock on the
Tennessee River near Rogersville, Al abana.

UPGRADES AND MODERNI ZATI ON OF MECHANI CAL AND ELECTRI CAL
SYSTEMS AT VWHEELER AUXI LI ARY LOCK

H STORY

The newl y established Tennessee Valley Authority constructed
Wheel er Auxiliary Lock on the Tennessee River near
Rogersville, Alabama in the 1930=s. The 60-foot by 400-
foot | ock was originally equipped with el ectric-notor

driven, open gear-reduction, sector-gear-type operating



machi nery for the mter gates and cul vert valves. The |ock
oper at or =s benchboard controls utilized a conventional 240
vac hardwired rel ay based system

UPGRADE OF ELECTRI CAL CONTRCOL SYSTEM

In the early eighties, as part of a systematic upgrade of

| ock control systens in the Nashville District, Operations
engi neers initiated design studies for upgradi ng the \Weeler
Auxiliary Lock electrical system Control system upgrades
at other district locks to date had been acconplished using
standard hardw red rel ay- based t echnol ogy. However,

techni cal discussions with industrial control vendors

i ndi cated programmabl e | ogic control (PLC) systemtechnol ogy
shoul d be considered. Based on this, Nashville began
reviewi ng and conparing to standard control technol ogy, the
PLC control systens offered by various nmanufacturers. Thi s
study of PLC based systens indicated several advantages over
conventional relay systens for use in |ock control |eading
to the decision to proceed wwth a PLC- based design. The PLC
equi pnent was procured by supply contract and installed by
governnent hired | abor. The PLC equi pnent used was the

Square D Conpany-s SYMAX renote |I/O systemw th a Mdel 500
processor. Advantages of the PLC system are as foll ows:

Initial Design

PLC based design allows the design engineer flexibility in
the initial design of sophisticated control circuitry with
m ni mal change in hardware requirenents. |If desired,
alternative control circuit operations can be sinmulated to
determ ne the opti mum system configuration. PLC based
design provides for integration of a |arge nunber of

di fferent nmechanical and el ectrical systens under a
conprehensi ve control system For exanple, an integral
water | evel nonitoring and control systemfor mnimzing

| ock chanber overfilling and overenptying can be achi eved
with mnimal hardwiring, the desired features being
acconplished in the PLC=s | adder |ogic software programm ng.

Initial Installation Costs

The progranmabl e controller systemcan result in substantial
cost savings due to reduced hardware requirenents. Very few
hardw red relays are required. Properly laid out, the PLC
remote |/ O systemcan result in significant cost savings
fromreduction of required control cable.

Initial Control System Start-up and Functional Operational
Testing

During initial start-up, the PLC=s built-in self-diagnostics
and ability to nonitor visually pushbutton and limt swtch



i nput status and control output logic status on-line is very
beneficial. Perhaps an even greater advantage is the
ability to easily make changes to control systemlogic as
necessary to address |atent and varying conditions enviably
encountered in all projects.

Long-term Qperation and Mai nt enance

The flexibility of revising control functions and real -tine
monitoring of |lock control status, and the ease of expansion
of the PLC control system when needed to neet future

requi renents are major benefits. The ease of maintenance

of fered by sel f-diagnostics and nodul ar, plug-in design and
the overall reliability of solid-state equi pnent woul d be

i npossi ble to achieve in a conventional control system

FY 96 M TER GATE MACHI NERY REPLACEMENT

Gener al

By the early 1990-s, the original 1930's open-gear-reduction
type gate machinery on the 60= X 400= | ock was i n poor
condition. Repair was not deened practical, and conplete
repl acenent including sector gears and strut arnms was
required. Initially, replacenent with a conventi onal

el ectric-notor-driven, enclosed-gear-reduction, sector-gear
type-system was consi dered. However, review of alternatives
i ndi cat ed individual, package-type, hydraulic units
utilizing a direct-acting cylinder design would provide a
nmore functional, cost-effective design. \Wereas,

repl acenent gear reduction machinery was estimted to cost
over $1, 000, 000; the new hydraulic machi nery was purchased
by supply contract and installed by governnment hired | abor
at a cost of approximtely $650, 000.

New System Feat ures

| ndi vi dual hydraulic package units for each gate | eaf
consi st of a small conpact 25 hp, 15 gpm vari abl e-delivery,
pressure-conpensated punp systemwi th a 50-gallon reservoir
and associ ated control and relief val ves.

Proportional -directional val ves provide precise speed
control, having accel eration and decel eration ranps to

m ni m ze machi nery shock. The automatic two-speed mter
gate control (with manual operator override capability) is
acconplished via 120 vac inputs to the hydraulic 4-way val ve
controller setpoint cards which facilitates interface of the
speed control in PLC node and manual node.

Direct-connected, 8-inch bore hydraulic cylinder assenblies
having 5.5-inch dianmeter rods with a 146-i nch maxi num stroke
operating at approximately 2400 psi maxi num control the



gates. The cylinder assenblies are equipped with a
bellville-spring type shock assenbly that reduces shock

| oads during operation. And, with a travel of 1-3/8 inches
in both conpression and extension, the shock provides
flexibility for proper mtering of the gate |eaves.

Combi nati on count er bal ance/l oad check val ves are mani f ol d-
nmount ed on each cylinder and provide a dual function.
Primarily, these valves hold the gate leafs in place when
the hydraulic units are off, such as in the mter, recess,
or any internediate position. This elimnates the need for
a supplenental gate recess latch system Secondly, while
operating, the valves al so conpensate for changi ng external
| oads on the gate |eaf, such as wave action, assisting in
the preci se speed control achieved. The old system would
often trip out due to wave action. The new system can
handl e | arge wave action w thout problens.

A nore environnentally friendly hydraulic oil has been used,
Mobi | EAL 224. Overall systemdesign is very conpact,
requiring only a 50-gallon reservoir and a cylinder that

hol ds 30 gallons maximum A cl osed breather systemto

m nimze noisture in the reservoir was incl uded.

The machi nery operation is normally controlled through the
| ock PLC system However, a m ninmal hardw red backup
control system has been provided in the unlikely event of
failure of the PLC system The backup manual operati onal
controls are piggybacked on the benchboard pushbuttons used
for normal PLC control.

Al so, each individual hydraulic power unit has an on-board

| ocal control station that was beneficial during shop
testing and especially during initial field startup and
installation. The | ocal stations have al so proven benefici al
for normal mai ntenance, readjustnent, and testing.

A spare hydraulic unit was purchased. Should one of the
installed units malfunction and require lengthy repairs, the
spare unit could be set on the Iock wall for tenporary
operation. A conplete spare cylinder assenbly was al so

pur chased.

UPGRADES & MCODERNI ZATI ON OF MECHANI CAL & ELECTRI CAL SYSTEMS
AT BARKLEY LOCK

H STORY

Bar kl ey Lock was constructed and placed in operation in the
m d-si xties. The lock was a typical Corps design with
centralized hydraulic punps in the Operations Building. The
punps were tied to the hydraulic cylinders in each of the
four gate machi nery and four culvert valve machi nery



recesses via thousands of feet of piping and through a
crowded cluster of manual 4-way control val ves under each of
t he upper and | ower control stands. The supporting

el ectrical controls were standard hardwi red, relay based
syst ens.

1980' s MECHANI CAL AND ELECTRI CAL EQUI PMENT MODI FI CATI ONS

In the early eighties, the obsol ete manual 4-way directional
control valves controlling the culvert valves were repl aced
wi th sol enoi d-controlled, 4-way val ves which were |ocated in
the gallery near the respective cylinders. This hel ped
reduce the piping clutter under control stands and
elimnated sonme of the piping in the galleries. The
obsolete mter gate manual, 4-way directional control valves
were replaced wth new nmanual, 4-way val ves havi ng
throttling capability which provided nmuch better operating
control of the mter gates.

To accommpdat e the revised hydraulic equi pnent, the | ock
el ectrical control systemwas conpletely rewrked. The
control stand benchboards and control wiring were

substantially nodified using a centralized relay system

FY 90 MECHANI CAL & ELECTRI CAL SYSTEMS UPGRADES

Due to age and obsol esce of the centralized hydraulic punps
and determ nation that there was severe deterioration of
much of the hydraulic piping in the upper and | ower
crossover galleries, the |l ock hydraulic systemwas further
nodi fied. The work acconplished consisted of purchasing al
equi prent and materials by supply contract and installation
by governnent personnel.

The revised systemdesign utilized new unitized hydraulic
power units to provide individual systens for the |and and
river wall machinery, allow ng conplete elimnation of the
exi sting crossover piping. New nodular, manifol d-nmounted,
proportional, directional valves and associated control

val ves were installed near their respective existing
operating cylinders, reducing the overall piping required.

This revised hydraulic systemdesign significantly reduced
the overall systempiping and oil required. The revised
design elimnated 9,000 feet of the original 15,000 feet of
2-inch hydraulic pipe. Also, 2,100 gallons of the original
3300 gallons of oil in the pipes was elimnated. The

revi sed design required only two 300-gal |l on punping unit
tanks, elimnating the existing 600-gallon operating tank
and the 1000-gal | on underground oil storage tank.

The revised hydraulic systemdesign utilized variable
delivery punps and proportional directional control valves
that provide for nore automated and much better operational



control of the mter gates and cul vert val ves, especially
during high water. The design incorporated nodul ar,
subpl at e- nount ed conponents to facilitate future nai ntenance
and repairs. Extensive oil filtration was also provided to
i ncrease the equipnent reliability and life.

The associ ated el ectrical control revision was PLC based,

usi ng the Square D Conpany-s SYMAX renote |I/O system The
revised PLC based design allowed for elimnation of over
8000 feet of 12/C, control cable. The new control system
facilitates maintenance with its built-in self-diagnostics;
solid state reliability, nodular design and capability to
troubl e-shoot control nmal functions on-Iine.

The majority of the work at Barkley Lock was done in
conjunction with a seven-week closure in which the | ock was
dewat ered and maj or structural repairs were made to the
mter gates. Four portable hydraulic power units were
installed at each corner of the lock to provide tenporary
operation of the lock mter gates and culvert valves while

t he exi sting permanent hydraulic and el ectrical systens were
bei ng revised. Significant preplanning, technical direction
and on-site coordination were required to acconplish this
wor k sinmul taneously and in a very conpressed tine span.

FY 94 ADDI TI ON OF FI BER OPTI C W RI NG

Li ghtning strikes at Pickw ck Locks in 1992 and Barkl ey Lock
in 1993 damaged the PLC systens resulting | ock outages and
led to a revaluation of the PLC control systens design. In
1994, the Barkley PLC systemwas retrofitted with fiber
optic wiring on the PLC comunication |inks between the
remote PLC racks. The equi pnment cost for the fiber optic
cabling and interface nodul es was approxi mately $10, 000.
Installation by hired | abor was $5, 000.

A subsequent |ightning strike at Barkl ey damaged the phone
system however, the PLC system was unaffected. The fiber
optic wiring has also greatly reduced the nunber of nuisance
trips where the PLC system power would have to be cycled to
return to normal operation.

FY 96 ADDI TION OF M NI VAL HARDW RED BACKUP SYSTEM

During the FY 96 dewatering, the electrical control system
was revised to provide a mnimal, hardw red system for
control of critical |ock operations should the PLC system
fail. New, compact, control panels were added in each
operators stand for the hardwired system Mintained

sel ector switches were used to mnimze wiring and rel ays.
To be nore user friendly, the selector switches were laid
out on the panels simlar to what the actual |ock machinery
is laid out. The PLC control software was revised to



i ncorporate the hardw red system changes.

In the PLC node, the mter gates have two speeds,
automatically controlled by PLC position indicators to
change speed. However, the operator can switch to sl ow
speed on either gate leaf, overriding the PLC automatic
control. Also, in the PLC node, tine delays, actuated by
the end-of-travel limt switches, allow the systemto bypass
for approximately 3 seconds before automatically shutting
of f, achieving full bypass pressure. This assures full
travel and all ows wave action to settle out.

In the manual node, controlled by the naintained sel ector
swi tches, the operator runs the machinery to full open or
close until the hydraulic system bypasses and then sinply
turns off the switches. Having no end-of-travel limts
sinplifies the manual system Al so, the operator can
selectively control the fast and sl ow speeds of the

i ndi vidual gate |eafs.

To facilitate hardw ring of the gate machinery controls, the
existing mter gate 4-way directional control valves were
replaced with a new Digivalve type 4-way val ve that has on-
board el ectronics for controlling ranping and speed control.
The val ves are capabl e of two adjustable speeds in each
direction, actuated by discrete 120 vac inputs. This
greatly sinplified the interface design of the manua

hardwi red and PLC control system

The existing PLC program was nodified to accommodate the
har dwi red back-up system The existing benchboard controls
were nodified to accommopdate the revised system

The suppl enental electrically controlled, air operated gate

recess | atch system had been unreliable and did not function
much of the tinme. As an alternative, counterbal ance val ves

had been added during the hydraulic systemrevision in 1990.
The count er bal ance val ves have proved nuch nore reliable

hol ding the gates in the recess. Therefore, the recess

| atch systemwas renoved along with its |adder logic in the

PLC program

CONCLUSI ON

Advances in industrial hydraulic equi pnment have led to nore
cost-effective | ock operating systens. Systemdesign is
nmoving away fromlarge, |ow pressure, centralized systens to
smal |, high pressure, unitized systens. These systens
require nmuch |l ess piping and hydraulic oil. Application of
direct-acting cylinder design for mter gates is on-going in
several districts throughout the Corps.

Wth the advent of programmable | ogic controller (PLC



technology for industrial electrical controls, advances in
el ectrical controls have been even nore dramatic. The
Nashville District installed its first PLC systemin 1984
and now has five |ocks considered fully PLCed. The other 13
district locks all have PLC systens to a | esser extent for
dedi cated systens such as water |evel indication. There
have been several |essons |learned in the application of this
new t echnol ogy. Providing the proper m x of PLC and m ni nmal
har dwi red backup, and use of fiber optics technol ogy for
greater systemreliability and Iightning protection are two
critical areas to address.

Anot her, often overl ooked, neans to achieve an overall cost
effective systemis to choose nechanical and el ectri cal

conponents that conpl enment each other. For exanple, proper
sel ection of mechani cal equipnment can greatly sinplify the

el ectrical engineer:zs design requirenents.

Maj or benefits, both during installation and long term can
be obtained installing the PLC systens wth in-house
personnel. The majority of Nashville District PLC systens
have been installed during schedul ed dewaterings or short

cl osures by governnent mai ntenance unit personnel

suppl enmented by project electricians fromseveral of the

| ocks. The mai ntenance unit and project electricians are
already famliar with the existing hardwired systens the PLC
systemreplaces. Participating in the installation of the
PLC system gi ves the in-house personnel hands-on know edge
of the new PLC system equi pnent, which is invaluable in
perform ng future maintenance, troubl eshooting and repairs.

Finally, the best way to ensure a successful application is
to directly involve and obtain input frominception to
conpletion fromthe mai ntenance personnel who install the
equi pnrent and the project personnel who nust operate and
mai ntai n these new or revised nmechani cal and el ectri cal
systens.
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